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Abstract. The water sector is dependent on effective insti-
tutions and organisations, and, therefore, on strong compe-
tences at the individual level. In this paper we describe com-
petence formation and competence needs in a case study
of the Directorate General of Water Resources (DGWR) in
the Ministry of Public Works in Indonesia. A framework is
introduced for the water sector comprising three aggregate
competences for technical issues, management, and gover-
nance, and a meta-competence for continuous learning and
innovation. The four competences are further organised in a
T-shaped competence proﬁle. Though DGWR professionals
have a ﬁrmly “technical” orientation, both surveys and inter-
views reveal a strong perceived requirement for other com-
petences: in particular the learning meta-competence, as well
as the aggregate competence for management. The aggregate
competence for governance systematically scores lower. Fur-
ther, a discrepancy appears to exist between the competences
that staff perceive as needed in daily work, and those that can
be acquired during post-graduate water education.
In both locally-based and international post-graduate wa-
ter education, the aggregate competences for management as
well as governance are reportedly addressed modestly, if at
all. With low competence in these ﬁelds, it is difﬁcult for
professionals to communicate and collaborate effectively in
a multidisciplinary way. As a result, the horizontal bar of the
T-shaped proﬁle remains weakly developed. In international
post-graduate education, this is partially compensated by the
attention to continuous learning and innovation. The expo-
sure to a different culture and learning format is experienced
as fundamentally formative.
1 Introduction
Many of today’s water challenges are so complex in nature
that they require the involvement of multiple disciplines and
the collaboration of several organisations (Alaerts and Dick-
inson, 2007; Bourget, 2008; Loucks, 2008; Nash et al., 1990;
Wagener et al., 2007, 2010). It can safely be predicted that
water problems are likely to become more serious, certainly
in developing country contexts, and that water resources use,
management,andgovernancewillcontinuetobeapolitically
contested terrain (Mollinga, 2009).
In facing the challenges, water professionals are needed
with specialisations in particular disciplines, and conver-
sance with other relevant disciplines. An engineer should not
only have an operational knowledge of theories and prin-
ciples of mathematics, physics, chemistry, engineering eco-
nomics and statistics, but also have an understanding of be-
havioural processes, systems analysis and computer mod-
elling, laws and regulations, history, sociology and ethics
(Loucks, 2008). Water professionals need to be able to cross
boundaries: disciplinary boundaries, and also boundaries in
society.
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In this study we present a framework comprising three
aggregate competences, namely for technical or substantive
issues, management, and governance, together with a meta-
competence for continuous learning and innovation. The lat-
ter is a prerequisite for obtaining and improving the other
aggregate competences. The aggregate competences consist
of a cognitive-explicit, a cognitive-tacit, functional, personal,
and values or ethical components (Sultana, 2009). The ag-
gregate competences are subsequently organised into vari-
ous T-shaped competence proﬁles with the vertical bar rep-
resenting a substantive specialisation, often disciplinary, and
the horizontal bar representing competence in adjacent disci-
plines, a meta-competence for continuous learning and inno-
vation,enablingtheprofessionaltoactandcollaborateacross
boundaries.
The framework and analysis methods are ﬁeld tested in
a case study in which the aggregate competences acquired
in locally based post-graduate water education (LPE) and in
international post-graduate water education (IPE) by profes-
sional staff of the Directorate General of Water Resources
(DGWR) in the Ministry of Public Works (MPW) in Indone-
sia are compared.
The framework based on the concepts of knowledge and
competence is presented in Sect. 2, followed by the research
strategy and analysis methods in Sect. 3. Section 4 brieﬂy
describes the case study and the context for the research.
Section 5 elaborates on the results and discusses the compe-
tences acquired in post-graduate education in relation to the
needsasperceivedbytheIndonesianwaterprofessionals.We
conclude in Sect. 6 with suggestions for research and practi-
cal recommendations for human resources management and
for education.
2 Conceptual framework
2.1 Knowledge and competence
There is substantial debate in the literature concerning the
concept of “competence”, and it is impossible to identify
a conclusive theory, or to arrive at a deﬁnition capable of
accommodating and reconciling the multitude of ways in
which the term is used (Delamare Le Deist and Winter-
ton, 2005). However, approaches that were developed rel-
atively independently in the US (McClelland, 1976, 1998;
Prahalad and Hamel, 1993; White, 1959), the UK (Cheetham
and Chivers, 2005), and Germany and France (Bohlinger,
2007/2008) have given way to frameworks that see compe-
tence as a multi-dimensional holistic concept (Delamare Le
Deist and Winterton, 2005), including (i) a cognitive-explicit
component that involves the use of objective and replicable
theory and concepts; (ii) an informal cognitive-tacit compo-
nent which is gained experientially; (iii) a functional compo-
nent (skills or “know-how”), i.e. those things that a person
should be able to apply when functioning in a given area of
work, learning or social activity; (iv.a) a personal component
involving attitudes and knowing how to conduct oneself in
a speciﬁc situation; and (iv.b) a values or ethical component
involving the possession of certain personal and professional
values (Sultana, 2009). We treat the personal and ethical
component as one, as personal attitude is largely the conse-
quence of one’s norms and values. The concept of knowledge
can be approached in a similar manner. Drawing on epis-
temological analysis, knowledge can be both explicit (that
which can be articulated and transferred in written form, for
example, and formally taught) and tacit, referring to knowl-
edge embedded within a person (such as the ability to ride
a bike) (Nonaka and Takeuchi, 1995; Polanyi, 1966; Sveiby,
2001; Tsoukas, 2002; Weggeman, 1997). Tacit knowledge is
typically created by socialisation and mimicry if the source
of knowledge is tacit, or by internalization when the source
is explicit (Nonaka and Takeuchi, 1995).
The concepts of knowledge and competence have differ-
ent intellectual roots, but they share the same ingredients: in-
formation equals the explicit part of cognitive competence,
skills are similar to functional competence, experience is
similar to the tacit part of cognitive competence, and atti-
tude is comparable to personal and ethical/values compe-
tence. Furthermore, in the context of international develop-
ment, these two concepts are also intimately related to that
of “capacity”, which refers to the ability of organisations or
individuals to be effective in their endeavours (Alaerts and
Kaspersma, 2009). In this article we choose to use the word
competence, as this is the term most commonly used in the
ﬁeld of education.
2.2 Aggregate competences
Firstly, professionals require an aggregate technical compe-
tence to analyse and solve problems that are of a technical or
substantive nature. Second, organisations need to have an ad-
equate aggregate management competence, usually embod-
ied in their senior staff. In many developing countries sector
agencies may score well on technical and civil engineering
aspects because they have a number of trained engineering
staff, but often the competence to manage personnel and or-
ganisations, as well as the water resource itself, is modest. In-
dividuals with high aggregate management competence can
make a difference in this regard. Finally, an effective and per-
forming water sector requires professionals that are compe-
tent in fostering and applying principles of good governance,
such as working towards effective institutions, dialogue with
stakeholders, resource allocation within policy frameworks
that aim for equity and poverty alleviation, transparency and
accountability.
In the water sector the difference between management
competence and governance competence can be understood
as a further broadening in focus from a socio-technical and
organisationally-based understanding that places water users
and water resources centrally to an understanding of the
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Fig. 1. Hypothetical T-shaped competence proﬁle for a technical water specialist.
broader regulatory arrangements, the differences in interests
and relations of power that drive water resources develop-
mentandcontroversies,andtherebylooksatallactors(stake-
holders) rather than just water users. It problematises their
roles, their organisational structures, and the institutional ar-
rangements that connect them. In short, the concept of gov-
ernance “begins to recognise water resources development
as an inherently political process, in which the negotiation
of perspectives and interests needs to be actively mediated”
(Mollinga et al., 2006).
In addition to these aggregate competences, capable indi-
viduals are those who, by deliberate decision, keep learning
and innovating. By innovating we mean that professionals try
to come up with creative solutions to enhance and improve
upon their work performance and that of their organisation.
Learning and innovation do not come naturally but require ﬁ-
nancial resources, personal dedication and appropriate man-
agerial procedures to foster knowledge generation and shar-
ing. This learning can be incentivized by an acquired attitude
or natural inquisitiveness, by ﬁnancial and career opportu-
nities, or by being held accountable for poor performance
(Alaerts and Kaspersma, 2009). An overview of the three ag-
gregate competences and the meta-competence for continu-
ous learning and innovation are provided in Table 1 together
with the four components and practical examples. The com-
petence for continuous learning and innovation is termed a
meta-competence because it exists beyond the other compe-
tences and enables individuals to monitor and develop the
other competences (Cheetham and Chivers, 2005). We have
displayed the meta-competence for continuous learning and
innovation as an umbrella over the other three competences
because it is a prerequisite for every professional, whether
he or she specialises in a technical, management or gover-
nance subject. The professionals working in these organisa-
tions will all need aspects of the technical, management and
governance competences to a certain degree, together with
the competence for continuous learning and innovation. The
mere possession of knowledge and expertise in the profes-
sional’s own ﬁeld is in most cases no longer sufﬁcient. It
is now necessary to have a basic knowledge – though not
necessarily an operational grasp – of adjacent and connect-
ing ﬁelds in order to work in multidisciplinary ways and to
be a good discussion and collaboration partner, both within
and outside the organisation (Oskam, 2009). The combina-
tion of essential aggregate competences can be represented
visually by a T-shape. A professional with a T-shaped com-
petence proﬁle has specialist knowledge in their own ﬁeld
(the vertical leg of the T), plus a broad knowledge base with
elementary knowledge or insight in adjacent water ﬁelds or
more general disciplines such as business administration (the
horizontal leg of the T), as well as soft-skills enabling him
or her to communicate with other disciplines (Oskam, 2009;
Mollinga, 2009; Uhlenbrook and De Jong, 2012). In Fig. 1
we provide a possible proﬁle for a technical water specialist.
For example, a hydrologist will need cognitive-explicit com-
petence in mathematics, physics, hydrology, water resources
systems, and similar “basic” disciplines. Furthermore, he/she
will need a broad understanding of the technical context in
which he/she is working (cognitive-tacit competence), for
instance in the ﬁelds of river or ﬂood management. He/she
also needs functional competence or skills such as hydrolog-
ical modelling. These all belong to the technical aggregate
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Table 1. Three aggregate competences and one meta-competence for continuous learning and innovation for professionals in the water sector,
based on Alaerts and Kaspersma (2009) and Sultana (2009).
Meta-competence for continuous learning and innovation
Cognitive- Cognitive-tacit component Functional component Personal/ethical/values component
explicit component
Knowledge about Experience with and awareness of your Critical thinking, self- Availability for training and education in
learning and learning learning style discipline, ability to new knowledge, readiness to critically
styles concentrate reﬂect on one’s own performance, desire to
“keep learning”, creativity, self-conﬁdence,
non-individualistic attitude
Aggr. Competences:
Technical Regularly updated Understanding of the broader technical Design skills, modelling Conscious choices on where and how to
technical knowledge context, application insight, intuitive skills build infrastructure
understanding
Management Regularly updated Understanding of broader Project mgt skills, Willingness to involve staff in
knowledge about organisational context, ﬁnancial mgt skills, decision-making,
management application insight, intuitive people mgmt, negotiation, knowledge sharing attitude
understanding mentoring,
ability to “deliver”,
leadership
Governance Regularly updated Ability to apply inclusiveness, Policy formulation skills, Achieving ethical objectives:
knowledge on understanding of procedures and working in a participative non-corruption, transparency, etc.,
governance, such as institutional structures, manner willingness to cross disciplinary
participation understanding of political consensus boundaries (Mollinga, 2009)
stakeholder involvement building,
application insight, intuitive
understanding,
ability to cross disciplinary boundaries
competence. In terms of the aggregate management com-
petence, a hydrologist will at least need understanding of
the organisational context in which he/she works, such as
an the operational rules, regulatory constraints or research
establishment procedures (cognitive-tacit component), some
project management skills, mentoring skills for junior staff
(functional competence), and a knowledge sharing attitude
and commitment to the job (personal/ethical/values compo-
nent). Similarly he/she will require a willingness and abil-
ity to effectively work in teams across disciplinary bound-
aries for higher goals (aggregate governance competence).
Ideally, the hydrologist should also develop his/her learning
style, ability to think critically, and openness for continu-
ous learning (meta-competence for continuous learning and
innovation). Depending on the specialisation and the water
sector context, other components of the technical, manage-
ment and governance competences may be important. Still,
the competence mix (“capacity”) of the organisation is what
matters most, with some staff being highly specialised and
mono-disciplinary (long and narrow T’s), but with a grow-
ing majority equipped with shallower yet broader T’s. Those
with broader T’s serve to enhance team cohesion and overall
effectiveness. This paper does not discuss the speciﬁc com-
petences needed for given situations nor the optimum ratio
of specialisation to breadth for an individual. Similarly, we
do not address the mix of T’s required for an organisation
to enhance its effectiveness. Instead, we note that different
mechanisms exist to develop these competences and focus
on the role of a particular mechanism in studying compe-
tence formation. Typical instruments for competence forma-
tion are formal education and training, which are suitable
for acquiring the cognitive-explicit component, whereas the
cognitive-tacit component can best be transferred through
one-on-one interaction between junior and senior, appren-
tice and mentor. Also, networks – both formal and informal
associations and “communities of practice” – are important
mechanisms for professional improvement for many water
professionals (Alaerts and Kaspersma, 2009). Depending on
socio-economic conditions in a country, some mechanisms
are more prominent than others. In less developed countries,
post-graduate education often fulﬁls a key role in generating
competence and accessing specialised knowledge, as other
mechanisms to access this type of knowledge (professional
associations, high-quality seminars, etc.) are less abundantly
available. Finally, the perception of what competences are
mostneeded,andhowtheyshouldbeacquiredandenhanced,
depends on policies and procedures in the sectoral institu-
tions and on those of the “enabling environment” (Alaerts
and Kaspersma, 2009). Competence valuation and acquisi-
tion, therefore, depend strongly on external factors of policy,
administrative and cultural nature.
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3 Research strategy and analysis methods
A case study approach was chosen to ﬁeld test the concep-
tual framework presented above and the analysis methods
to assess the need for, and formation of, competence. The
DGWR of the MPW of Indonesia was chosen as a case be-
cause of (a) its track record as one of the largest professional
water organisations in Asia for the past half century, (b) the
availability of large groups of professionals who have com-
pleted post-graduate water education either in industrialized
countries or at Indonesian universities, (c) the availability of
a large body of studies and information regarding the devel-
opment that the country’s water sector has gone through in
recent history, and (d) its standing as the largest employer
of water professionals in Indonesia, and therefore, the most
representative sample of public sector water professionals.
To accommodate the contextual factors of water resources
management in Indonesia, we distinguish three paradigmati-
cally different phases that inﬂuence the need and preference
for particular competences and the way they are acquired. A
description of these phases is provided in Sect. 4.
We adopted a two-pronged method in the case study,
ﬁrst conducting a sequence of 38 semi-structured inter-
views (hereafter referred to as interviews), followed by
a quantitative survey to cross-check the interview results
(Supplement).
The primary target group for the interviews and the survey
was the professional staff of the DGWR, i.e. those holding
at least an MSc or equivalent degree in a civil engineering
or water resource related discipline. The interview respon-
dents from the DGWR (the primary target group) were se-
lected to form a representative sample on the basis of two
main criteria: (i) the type of education they had enjoyed in
the water ﬁeld, that is, a locally-based (LPE) or international
post-graduate education (IPE), and (ii) their involvement in
the MPW during one of its three paradigmatic phases in the
recent history of the Indonesian water sector (deﬁned by year
of recruitment). The DGWR respondents were eligible to
register for a wide range of post-graduate programmes, rang-
ing from engineering to business and social science degrees.
The LPE respondents acquired their master’s degrees at Ga-
jah Madah University, the University of Indonesia, the Uni-
versity of Sri Wijaya, the Institute of Technology Bandung or
the Institute of Technology Surabaya, amongst others. The
IPE respondents acquired their master’s degrees at various
international institutions, such as the Colorado State Uni-
versity in the USA, the University of Manitoba in Canada,
(UNESCO-)IHE or the Delft University of Technology in
the Netherlands, the University of Grenoble or the Univer-
sity of Lyon in France, the Asian Institute of Technology in
Thailand or the Indian Institute of Technology in India. For
thesemi-structuredinterviews,thesecondarytargetgroupin-
cluded people external to the DGWR, yet involved in water
management in Indonesia from 1980 to the present day, with
a good overview of the water sector. Respondents from the
Table 2. Interview respondents in seven sub-groups based on their
participation in local post-graduate education or international post-
graduate education and their recruitment in one of the phases
(phase I=1970–1987, phase II=1987–1998, and phase III=1998–
present).
Degree Recruited Recruited Recruited
type: in phase I in phase II in phase III
LPE 3 1 5
IPE 12 1 2
Resource 14 – –
persons
latter group are henceforth termed resource persons. In to-
tal, the respondents can be categorized into seven strata (Ta-
ble 2). All interviews and surveys were anonymised.
The semi-structured interviews were undertaken in In-
donesian and in English in the period from November 2008
to January 2010. Each interview lasted between one and two
hours. The ﬁrst six interview questions concerned the key bi-
ographicalinformationofeachrespondent.Subsequentques-
tions concerned the main tasks and activities of respondents,
the characteristics of their education, their opinions on the
utility of the aggregate competences acquired during their
education and their reﬂections on the aggregate competences
needed in water management in Indonesia. The interviews
were recorded, transcribed within a day and then checked for
accuracy with the respondents. Following the completion of
the interviews, Atlas TI version 6, a qualitative data analysis
software package, was used for interview analysis. Each in-
terview was coded thematically according to the method pro-
posed by Salda˜ na (2009) using codes based on theory. In ad-
dition, open coding was used to identify topics that emerged
during the interviews and that could not adequately be clas-
siﬁed using the thematic codes. By cross-referencing the the-
matic and open coding with the seven strata, a rich and com-
posite understanding of the evolution of the three aggregate
competences and the meta-competence within the DGWR in
relation to post-graduate education was obtained.
The survey was designed to complement the qualitative
analysis of the interview data, to gain quantitative insight,
and to test the reliability of survey results in a case-study
where contextual factors were considered. The survey used
random stratiﬁcation as a sampling method. Seventy-one
questionnaires were administered, guided by the primary au-
thor and categorized in the same sub-groups (Table 3). The
choice for guided questionnaire sessions was made to ensure
the quality of the responses by accommodating the need of
respondents for clariﬁcation of the questions, and by ensur-
ing that respondents allotted sufﬁcient time to ﬁlling out the
questionnaire.
The survey questions were designed based on the re-
sults emerging from the interviews. Respondents were
asked to rate the aggregate competences acquired during
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Table 3. Survey respondents per sub-group, based on their par-
ticipation in local post-graduate education or international post-
graduate education and their recruitment in one of the phases
(phase I=1970–1987, phase II=1987–1998, and phase III=1998–
present).
Degree Recruited Recruited Recruited
type in phase I in phase II in phase III
LPE 14 11 9
IPE 20 7 10
post-graduate education and the aggregate competences nec-
essary to execute daily tasks on a scale ranging from 1 to 5,
where 1=not at all, 3=to some extent, and 5=extensively.
To better specify the possible meanings of the aggregate
competences, all questions were split up into a number of
sub-questions referring to sub-competences (e.g. aggregate
management competence comprising project management,
organisational management, etc.). The results were analysed
per stratum using SPSS software (version PASW Statis-
tics 18). To analyse the extent to which variation between
groups of respondents can be attributed to real differences
instead of random ﬂuctuations in the sample, tests of dif-
ference and analyses of variance (ANOVA) were performed.
Differences between cohorts or between LPE and IPE that
are statistically signiﬁcant at a conﬁdence level of 10% are
indicated with an asterisk. Where no asterisk appears it can-
not be excluded statistically that observed differences are
attributable to chance; however, they can indicate patterns.
Large differences in the outcome of the surveys were not an-
ticipated, as everybody is likely to value each of the aggre-
gate competences and meta-competence to a relatively high
degree and the response options were not mutually exclusive.
Mutually exclusive questioning (e.g. by forcing respondents
to prioritize options) was expected to lead to predictable out-
comes – as we may assume that, both for the individuals and
for their organisation, the technical competence would have
the ﬁrst priority and management the second. Also, Indone-
sian respondents tend to equalize ratings because “maintain-
ingworkplaceandrelationshipharmonyisveryimportantin
Indonesia, and no one wishes to be the transmitter of bad or
negative news or feedback” (Indonesia, 2012); hence, small
differences around the median do matter.
4 Analysis of the recent history of water management
in Indonesia
In the recent evolution (1970–2011) of the Indonesian water
sector, three separate phases can be distinguished. The ﬁrst
phase, 1970–1987, is characterised by a strong focus on the
construction of infrastructure. Building roads, canals, reser-
voirs and ﬂood protection works was essential to start the
economic development of the nation and for food security.
The principles of water resources and irrigation sector man-
agement in this phase were based on Law 11 of 1974 on wa-
ter resources development. Good governance in the form of
public transparency, accountability and public participation
were not yet reﬂected in the law (Herman, 2007), and in this
period, staff were appreciated for their technical competence
and loyalty to the organisation.
The second phase can be considered to start with the in-
troduction of the Irrigation Operation and Maintenance Pol-
icy (IOMP) in 1987 (Herman, 2007). Although the IOMP
responded to the need for more decentralisation and col-
lection of user fees, this policy did not change the top-
down, construction-focused irrigation development because
the government continued in its role as an operator, directly
implementing activities and staying in charge of the op-
eration and maintenance. In 1992 the ﬁrst initiatives were
taken to introduce Integrated Water Resources Management
(IWRM) policies. But since Indonesian society was still con-
trolled by an authoritarian state, initiatives such as ﬁrst the
IOMP and later the IWRM were counteracted in favour of
the strong construction paradigm and centralised decision-
making. Over time, construction contracts had also become a
means for well-connected persons to enrich themselves, and
it had become increasingly more important to be loyal to the
regime rather than to be competent. Only in 1998, when the
Suharto regime ended after 30yr, was the time ripe to initiate
institutional reforms in ways that could go beyond lip service
(Mollinga and Bolding, 2003). This is the onset of the third
phase. The new government embarked on an ambitious pro-
gramme of decentralizing tasks and responsibilities (Alaerts
and Herman, 2005). However, problems arose owing to lim-
ited management capacity and ﬁnancial abilities at provincial
and district levels. In 2004 the government revised the water
law, which now emphasises IWRM but reﬂects an adminis-
tration system that has been partly re-centralised (Schwartz,
2008).
This brief overview suggests that water management in In-
donesia was predominantly technically oriented until the end
of the nineties, with consequent demands for technical edu-
cation. Since 1998, a transition has slowly taken place, and
the appreciation for integrated water resources management
and governance is growing.
5 Results
5.1 Three aggregate competences and the learning
meta-competence
The aggregate management and governance competences re-
ceive a much higher appreciation than might be expected
considering the strong technical orientation and history of
the DGWR and the respondents (Figs. 2 and 3). It should be
noted that the aggregate competences and the learning meta-
competence are mutually non-exclusive response options,
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Fig. 2. Aggregate competences and meta-competence perceived to
be required for daily tasks in the DGWR as rated by alumni from
local post-graduate education and alumni from international post-
graduate education; rating scale from 1 to 5, where 1=not at all,
3=to some extent, and 5=extensively.
allowing higher scores on more than one option. Both LPE
and IPE respondents attach lower weight to the aggregate
technical competence (Fig. 2). These results are at odds with
the outcomes of the interviews, and also with the histori-
cal and current incentive system and the expectations at the
DGWR, which both tend to stress the aggregate technical
competence. Across the board, the interviews stress that pro-
fessional staff at the DGWR know that the other aggregate
competences should become part of the overall set of aggre-
gate competences of the DGWR. However, in practice, the
orientation has remained overwhelmingly technical thus far.
Respondents with IPE experience tend to rate the need for
competence higher than the respondents with LPE experi-
ence (Fig. 2). It seems they have stronger opinions about
the need for, and value of, competence than LPE respon-
dents. The interviews conﬁrm the general value attributed to
learning, but indicate, in addition, that the need for learning
is especially highly appreciated by IPE respondents, and is
viewed as key to personal and organisational advancement
in an environment where the number of individuals with a
post-graduate education is still limited.
Respondents from phases II and III all tend to undervalue
the need for aggregate technical competence (Fig. 3). This
contrasts starkly with the reality of low levels of technical
competence at the DGWR during phases II and III. Further-
more, the meta-competence for continuous learning and in-
novation is perceived as highly necessary, especially by re-
spondents from phases I and III. Although the differences
are statistically not signiﬁcant, the interview outcomes un-
derscore this result. In phase I, DGWR was characterised by
a strong esprit de corps and a focus on technical competence
and development, also of skills, whilst phase III respondents
Fig. 3. Aggregate competences and meta-competence perceived to
be required for daily tasks in the DGWR, in phase I (1970–1987), II
(1987–1998) and III (1998–present); rating scale from 1 to 5, where
1=not at all, 3=to some extent, and 5=extensively.
Fig. 4. Aggregate competences and learning meta-competence per-
ceived to be acquired during local post-graduate education and in-
ternational post-graduate education; rating scale from 1 to 5, where
1=not at all, 3=to some extent, and 5=extensively.
are much younger and are likely to recognize the necessity to
improve on their specialisation.
Most of the LPE programmes are perceived to not yet
stronglyreﬂecttheparadigmshiftfrom“construction”towa-
ter resources management and to a new set of resulting com-
petences (Fig. 4) (Ministry of Public Works – Directorate
General of Water Resources, 2010). This observation is con-
ﬁrmed by both the survey and the interviews. During the in-
terviews, all respondents conﬁrmed the technical orientation
of locally-based post-graduate education, but they added that
this is the most directly appreciated educational background
in the DGWR.
For IPE respondents, the interviews and the survey show
the same trend (Figs. 4 and 5) with high scores for the ag-
gregate technical competence and the meta-competence for
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Fig. 5. Aggregate competences and meta-competence perceived to
be acquired during LPE or IPE in phase I (1970–1987), II (1987–
1998) and III (1998–present); rating scale from 1 to 5, where 1=not
at all, 3=to some extent, and 5=extensively.
continuous learning and innovation, compared to the other
aggregate competences. Both interview and survey respon-
dents report that the IPE experience was particularly effec-
tive in acquiring specialised new skills such as computa-
tional techniques, as well as for the cognitive-tacit compo-
nent of competence. Still, the idea that IPE might emphasise
the non-technical competences more seems not to be borne
out. Furthermore, it is surprising that the aggregate manage-
ment and governance competences were scored higher by
LPE than IPE respondents in the survey. This does not neces-
sarily mean that LPE is more effective than IPE in absolute
terms, as respondents cannot compare the effectiveness of
IPE and LPE because each respondent has had only one such
experience. In fact, the analysis of documentation and the in-
terviews,inwhichtheinterviewerasoutsiderisabletoassess
both types of education, do not the support the perception of
the respondents in this case.
Phase I respondents plausibly emphasise their acquisi-
tion of the aggregate technical competence. Indeed, water
management concepts such as IWRM and water governance
were not widespread, let alone incorporated in curricula,
in that period (Fig. 5). We would expect this to be simi-
lar for phase II, but the survey results reﬂect a lower level
of perceived need and formation of technical competence.
A much higher appreciation for aggregate technical compe-
tence is again reﬂected among the young respondents from
phase III, whereas in phase III there are more educational
programmes available with an IWRM orientation. Moreover,
in phase III, apart from the increasing attention for aggregate
competences other than the technical, there is a new need
for increasing the technical competence after a long period
of erosion of this expertise, ﬁrst in the aftermath of phase II
and then during the ﬁnancial crisis at the onset of phase III.
Therefore, strictly technical subjects will remain a popular
choice for students enrolling in an IPE or LPE. The lower
score in phase II could be a reﬂection of the perceived higher
need for loyalty to the regime to the detriment of technical
competence, as described in the case study description in
Sect. 4 and in the interviews. The need to obtain technical
competence through education may have been a relatively
low priority.
Both the aggregate governance and management compe-
tences are rated low in Fig. 5. For phase I, this is plausible
considering the dominant construction paradigm in the pe-
riod. A low rating might also be expected for phase II, but the
survey results do not bear this out. The interview results and
literature conﬁrm that in phase II, despite attempts to intro-
duce the concept of IWRM and the IOMP, the organisational
focus was still heavily on construction and infrastructure de-
velopment. The IPE interviewees employed in phase III fur-
thermore indicated that they consciously chose a water gov-
ernance or water management orientation, stating that they
hadacquiredtheaggregatetechnicalcompetenceduringtheir
BSc degree or within the organisation itself. However, hav-
ing an aggregate technical competence is a core priority of
the MPW, and for post-graduate education a technical sub-
ject may still be the preference of many staff members.
The difference between the aggregate management and
governance competences as acquired from post-graduate ed-
ucation and the aggregate competences as required for daily
tasks is relatively large when we compare Figs. 2 and 3 with
Figs. 4 and 5. For the aggregate management competence,
the need in daily work is explained by the fact that work at
the DGWR consists, for a large part, of administrative tasks,
which forms part of the aggregate management competence.
This is mentioned in all interviews. This ﬁnding suggests
that a discrepancy exists between what is needed in daily
work and the orientation people choose in their post-graduate
education.
Forthe aggregategovernancecompetence, the IPErespon-
dents score the extent to which an aggregate competence is
needed in daily work higher, whereas the LPE respondents,
surprisingly, score the extent to which they obtained this ag-
gregate competence in school higher. The latter is not con-
ﬁrmed by the interviews. Interviews with resource persons
and LPE as well as IPE respondents raise the issue of the
gap between the aggregate governance competence in the or-
ganisation and the extent to which it is obtained during a
LPE or IPE. We can conclude from these results that for the
aggregate management and governance competences an ap-
parent imbalance exists between the aggregate competences
required in daily work vs. what is obtained during post-
graduate water education, be it local or international. This
insight is conﬁrmed by both the survey and the interviews.
5.2 Technical competences
The aggregate technical competence consists of four com-
ponents. The cognitive-explicit component, e.g. specialised
theoretical knowledge; the cognitive-tacit component, e.g. a
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Fig. 6. Components of aggregate technical competence perceived to
be acquired during local post-graduate education and international
post-graduate education; rating scale from 1 to 5, where 1=not at
all, 3=to some extent, and 5=extensively.
broader understanding of the technical context; a func-
tional component, e.g. design or modelling skills; and a
personal/ethical/values component, e.g. participatory design
(Fig. 6).
The results for LPE and IPE respondents show higher
scores for IPE for each component. The LPE programmes
for water management show a slight preference for the
cognitive-explicitcomponentoftheaggregatetechnicalcom-
petence. This is also conﬁrmed in the interviews with LPE
respondents. For IPE respondents, the cognitive-tacit com-
ponent is perceived to be higher than the others. The inter-
views conﬁrm that IPE pays more attention to the cognitive-
tacit component by, for example, creating broader under-
standing of the technical context and by technical problem
solving. Further comparative analysis of the speciﬁc sub-
competences did not reveal information additional to that al-
ready discussed in Sect. 5.1.
5.3 Management competences
A need is perceived to exist for each component of the ag-
gregate management competence (Fig. 7). The need for the
cognitive-tacit component is valued slightly more than the
others. The cognitive-tacit component includes competences
such as a broader understanding of how organisations and
their staff are managed. Phase III respondents rated the need
in daily work of the cognitive-explicit component (e.g. the-
oretical knowledge about organisational management and
people management) lower than respondents of the other two
phases; the reason for this low rating is unclear. This compo-
nent of the competence, though essential, would automati-
cally also become tacit, i.e. it is internalized when people
start applying it in work situations they encounter. This may
explain why the cognitive-tacit component is rated higher
than the cognitive-explicit component.
Fig. 7. Components of the aggregate management competence per-
ceived to be required in daily work in phase I (1970–1987), II
(1987–1998) and III (1998–present); rating scale from 1 to 5, where
1=not at all, 3=to some extent, and 5=extensively.
Fig. 8. Components of the aggregate management competence per-
ceived to be acquired during local post-graduate education and
international post-graduate education in phase I (1970–1987), II
(1987–1998) and III (1998–present); rating scale from 1 to 5, where
1=not at all, 3=to some extent, and 5=extensively.
When the management competence acquired during post-
graduate water education is broken down into components
(Fig. 8), the rating of the cognitive-explicit component is
muchlowerthantheratingoftheothercomponents.PhaseIII
respondents emphasised that the education seemed to favour
the functional component, constituted by competences such
as written communication skills and project management,
and the personal/ethical/values component, such as the will-
ingness to share knowledge. The components, and especially
the cognitive-explicit component, appear insufﬁciently ad-
dressed in the curricula of both IPE and LPE.
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Fig. 9. Components of aggregate governance competence perceived
toberequiredindailywork,inphaseI(1970–1987),II(1987–1998)
and III (1998–present); rating scale from 1 to 5, where 1=not at all,
3=to some extent, and 5=extensively.
5.4 Governance competences
As mentioned in Sect. 5.1, there is an imbalance apparent
between the high rating of the aggregate governance compe-
tence required in daily work versus the markedly low rating
for its acquisition during post-graduate water education, be
it local or international (Figs. 9 and 10). The cognitive-tacit
component, however, such as the understanding of political
consensus building, is rated low in both ﬁgures, especially
by phase I respondents. This can be explained by the fact
that in phase I a strong esprit de corps existed because of the
shared goal of the development of the nation, albeit under a
highly centralised administrative and political system. There
was only limited space for political consensus building as
decisions were made by the top management, and these were
the years where the power and successes of the MPW were at
their peak. Therefore, there was no perceived need for gov-
ernance competence in daily work and no reason to acquire
this component in education.
The acquisition of the personal/ethical component, e.g. the
ability to achieve ethical objectives, is scored higher by re-
spondents from phase III (Fig. 10). Considering the more
open atmosphere in phase III, with more attention for ac-
countability and transparency in the DGWR, it is to be ex-
pected that the personal/ethical component scores higher, but
this would naturally also be expected in Fig. 9. The results
from the interviews indicate that the younger generation of
phase III tends to appreciate the personal/ethical/values com-
ponent, and the organisation also provides more space for
this.
Multidisciplinarity
The survey results reveal that multidisciplinary thinking ac-
quired during education is rated signiﬁcantly lower for LPE
than for IPE, although the score for LPE is not extremely
Fig. 10. Components of the aggregate governance competence per-
ceived to be acquired from local post-graduate education and inter-
national post-graduate education, in phase I (1970–1987), II (1987–
1998) and III (1998–present); rating scale from 1 to 5, where 1=not
at all, 3=to some extent, and 5=extensively.
low. In the interviews, though, no evidence is found point-
ing to multidisciplinary working skills as obtained in LPE.
In IPE the situation is slightly different. Even though aggre-
gate competences such as management and governance are
nottaughtsufﬁcientlyintensivelyaccordingtothesurveyand
interviews, and consequently connections between these top-
ics and technical disciplines are weak, interview respondents
stated that they were encouraged to look over the boundaries
of their discipline and learn how to communicate with col-
leagues from other disciplines. However, for both IPE and
LPE opportunities for improvement exist.
5.5 Meta-competence for continuous learning and
innovation
Graduates of both IPE and LPE rate the need for the meta-
competence for continuous learning and innovation in daily
work very highly in comparison with the other competences
(Figs. 2 and 3), and score the formation of this competence
during education slightly higher than the other competences
(Figs. 4 and 5). Phase I respondents pointed to the DGWR
policies during phase I, which stressed the continuous learn-
ing concept and had in place mechanisms to rotate staff,
providementorshipandjunior–seniorlearningarrangements,
and also to the careful selection of IPE candidates (during
this period, no LPE was on offer yet). On the other hand,
phase II respondents rated this need decidedly lower, proba-
bly because in phase II competence and learning were some-
times subordinated to loyalty when it came to incentives and
careers. Yet, also in this phase DGWR had suitable policies
in place, albeit possibly less well enforced. The cognitive-
explicit component (for example, intercultural sensitivity)
of the meta-competence is rated lowest of the four compo-
nents in terms of its need in daily work (Fig. 11) as well as
the extent to which it is acquired in post-graduate education
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Fig. 11. Components of the meta-competence for continuous learn-
ing and innovation perceived to be required in daily tasks, in
phase I (1970–1987), II (1987–1998) and III (1998–present); rat-
ing scale from 1 to 5, where 1=not at all, 3=to some extent, and
5=extensively.
(Fig. 12). The perceived low need in daily work is remark-
able as intercultural sensitivity is important in the Indonesian
context, considering the diverse ethnical backgrounds of the
staff of the DGWR.
Explicit attention for this meta-competence is only
marginallypresentinthewatercurriculaofLPEandIPE,and
this is conﬁrmed by both the survey and the interviews. This
means that the cognitive-explicit component of the meta-
competence is not taught. The other components of the meta-
competence – i.e. the cognitive-tacit (for example, the ability
to reﬂect on oneself), the functional (such as critical think-
ing), and the personal/ethical/values (for example, creativity)
– are implicit in the curricula; they can, to some extent, be ac-
quired while working on the other aggregate competences.
The interview outcomes, contradicting the survey results,
conﬁrm the acquisition of the meta-competence for contin-
uous learning and innovation from IPE education only. For
example, all phase III interview respondents with an LPE
stated that the meta-competence for learning is a personal-
ity trait and exists independent of what one learns in school;
they furthermore thought that they did not acquire this com-
petence in school. IPE alumni, on the other hand, unani-
mously stated that acquiring the meta-competence for con-
tinuous learning and innovation while abroad was synony-
mous with the fundamental attitude changes associated with
the IPE experience.
All IPE interviewees, together with 13 out of 14 resource
persons, conﬁrmed the hypothesis that the most important
aspect of IPE is acquiring the meta-competence for continu-
ous learning and innovation and the attitude change that hap-
pens simultaneously. This has been termed socialisation of
tacit knowledge (Nonaka and Takeuchi, 1995). The aspects
of education that catalyze the socialisation are summarised in
Table 4. Most important aspects of international post-graduate ed-
ucation, as perceived by interview respondents.
Aspect How many
times mentioned
in interviews
Learning how to learn, 10
encouragement of curiosity
Intercultural sensitivity 7
Being exposed to new concepts 10
Discussions with peers 7
Discussion with professors 5
International networking 7
Encouragement of critical 10
thinking
Working in an inter- 6
disciplinary fashion
Team building 6
Being away from home/living 5
in a different country
Working independently 4
Exercises for self-reﬂection 1
Learning to plan ahead 6
Different working culture 8
Connecting theory to practice 6
Fig. 12. Perception of components of the meta-competence for con-
tinuous learning and innovation perceived to be acquired from inter-
national post-graduate education and local post-graduate education,
in phase I (1970–1987), II (1987–1998) and III (1998–present); rat-
ing scale from 1 to 5, where 1=not at all, 3=to some extent, and
5=extensively.
Table 4. Learning is encouraged by group work, role playing,
debates, and through a working culture with smaller power
distances in human relations, facilitating easier interaction
between professors and students. Typical statements from
the interviews conﬁrm this picture: “The very fact that you
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are in a different country changes the experience. You are
told things you wouldn’t accept from someone in your home
country.” Also, “Receiving critical comments from teachers
was difﬁcult. They would tell you that you need to do certain
things differently, but not how you should do it. You have to
ﬁnd out yourself but they help you getting started.”
The one resource person who doubted the attitude change
among alumni from international post-graduate water ed-
ucation suggested that MPW staff should learn together
with NGO staff, civil society representatives and university
staff. Indeed, the large majority of participants in interna-
tional programmes have a government background. Creat-
ing a more heterogeneous mix of backgrounds and opinions
in educational programmes would help increase the learning
opportunities.
6 Discussion
A conceptual framework was introduced, comprising three
aggregatecompetencesfortechnicalissues,managementand
governance, and a meta-competence for continuous learning
and innovation in the water sector. The framework was tested
in a case study on post-graduate water education for staff
in the DGWR of the MPW in Indonesia. Though DGWR
and the sector professionals have a ﬁrmly “technical” de-
fault orientation, both the surveys and interviews reveal a
strong perceived need for the other competences: primar-
ily the meta-competence to learn and innovate, as well as
the aggregate competence of management. The need for the
aggregate competence of governance is systematically rated
lower; however, it is still regarded as reasonably important.
A discrepancy appears to exist between the competences that
staff perceive as needed in daily work compared to those
that can be acquired during post-graduate water education.
Respondents also indicated that the DGWR needs a wider
palette of competences beyond the strictly technical ones,
but these competences seem not to be acquired intensively
from the post-graduate education even though some interna-
tional courses do offer them. Respondents also mentioned
that eventually a technical education is the most directly ap-
preciated educational background in the DGWR. This ap-
parent contradiction can be explained by a possible path-
dependency that inﬂuences people to choose a familiar sub-
ject which is already appreciated in their organisation. As
mentioned earlier, the interviews indicate that many people
are aware that the DGWR needs expertise in ﬁelds other than
water engineering, but, in practice, engineering is still the ba-
sic and, perhaps too often, singularly appreciated educational
background.
Thus, it can be assumed that the DGWR is still located
in a primarily mono-disciplinary technical paradigm. This
situation is unavoidable given the current need to rebuild
and expand the existing infrastructure and the added bur-
den of staff shortage. It is likely that in the coming decade
this discrepancy will increasingly call for a new human re-
source policy at DGWR. It might be expected that interna-
tional post-graduate education would have helped in address-
ing the need for the aggregate management and governance
competences, but this has not been the case, possibly because
respondents hail from three different phases in the develop-
ment of the water sector and international courses did not
then offer such competence building prior to, say, 1990.
The LPE in Indonesia has a strongly cognitive-explicit and
technicalorientation.Withthissetofknowledge,apartofthe
vertical bar of the T-shape is ﬁlled. The aggregate technical
competence is not addressed completely; the cognitive-tacit
component (understanding, practical experience) and con-
comitant adapting attitude, tend to receive relatively less at-
tention. IPE programmes, on the other hand, have a relatively
strong technical focus as well, but, in particular in phase III,
paid more attention to the cognitive-tacit component, in ad-
dition to the cognitive-explicit component. Amongst educa-
tionalists, the cognitive-explicit component is perceived as
fundamental to post-graduate education, and is then inter-
nalized to become tacit when it is combined with personal
experience gained on-the-job.
In both LPE and IPE, the aggregate competences for man-
agement as well as governance are reportedly addressed
modestly, if at all. For the aggregate management compe-
tence, the explanation may be that people expect to obtain the
management competence through on-the-job training. Man-
agement training is indeed available for staff of DGWR, al-
though this type of training has a strong focus on the func-
tional component of the competence, i.e. skills, only.
Theabilitytothinkandworkinamultidisciplinaryfashion
is an aspect of the aggregate competence for governance that
merits special attention. The documentation on existing local
water curricula shows that in most water-related MSc cur-
ricula the connections between the different disciplines are
made insufﬁciently, and multidisciplinary thinking is limited
to the technical disciplines.
With little competence in these ﬁelds, it is difﬁcult for
professionals to communicate and collaborate effectively in
multidisciplinary settings and in the water policy and politi-
cal discussions that have characterised the Indonesian water
sector since the onset of phase III. As a result, the horizon-
tal bar of the T-shaped proﬁle remains weakly developed. In
IPE, this is partially compensated for by the (implicit) atten-
tion to continuous learning and innovation. The participants
are in a totally different habitat for a substantial period, and
in the assignments they have the chance to mingle with dif-
ferent cultures and experience different thinking patterns and
work attitudes. They are encouraged to discuss with lecturers
and professors and ask questions, which is a new experience
for many participants. The exposure to a different culture and
learning format is reported as fundamentally formative.
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7 Conclusions
In regard to both IPE and LPE, the responses in this study
cover a substantial period, and the study is not able to make
conclusive statements about the performance of current post-
graduate water education. Since 2000, the Indonesian water
curricula in particular are becoming more responsive to the
new demands of the sector. However, project-based learn-
ing could be used more extensively to train the multidisci-
plinary aspects necessary for enhancing management com-
petence. To enhance the continuous learning and innovation
competence,educationalprogrammescouldincludeteaching
on learning styles (the cognitive-explicit component and also
the functional and personal components) so that people are
aware of their own learning style and can use this personal
knowledge to help them in further competence formation.
However, we have also indicated that eventually engineering
is still the most directly appreciated educational background
in the DGWR, and these ﬁndings could well pertain to the
water sector in other developing and emerging economies.
The competence framework cannot resolve decisions on
the details of the required T-shaped competence proﬁles and
skills mixes for speciﬁc water specialisations of individuals
and organisations (e.g. on the relative importance of “broad”
competence versus “in-depth” expertise), but it can help in
outlining requirements that subsequently help guide MSc-
level water curricula improvements. It could be useful to de-
sign a number of modules in an educational programme that
focus solely on the horizontal bar of the T-shaped compe-
tence proﬁle. Students should choose from a number of sub-
jects outside their specialisation that should help them con-
nect to other disciplines. Furthermore, it would be beneﬁcial
for the educational institute, the student and the home organ-
isation of the participant if there was more exchange about
the needs of the home organisation and its ability to work
with the new knowledge. The student can then prepare his or
her return more thoroughly.
Further, the methodological differentiation of respondents
as a function of their LPE or IPE experience, and of the ad-
ministrative and political context in the country and sector,
has proven useful in generating detailed insights into devel-
opment of competence formation in the Indonesian water
sector over a long span of time against the evolving eco-
nomic, administrative and political contexts. However, the
combined utilization of guided surveys, semi-structured in-
terviews, and in-depth analysis of reports and policy papers
proved essential for accurate and meaningful interpretation;
survey results alone were often insufﬁcient and difﬁcult to in-
terpret. Importantly, both the interviews and surveys reﬂect
the perceptions of individuals. However, many respondents
have had only one very personal experience with LPE or
IPE, and their perceptions are not necessary mutually com-
patible. The presence of the interviewer/analyst, particularly
in the guided surveys, offered the possibility to set robust
assessment benchmarks and enhanced the quality of the data
and its interpretation.
In view of the dominant position of the DGWR in the wa-
ter sector within Indonesia and the care taken to span the
different phases of water development as well as to inter-
view water professionals external to the ministry, the ﬁnd-
ings of this research are considered representative for the
water sector in Indonesia. Indeed, the ﬁndings could well
be valid in the water sector in other developing and emerg-
ing economies. Further research aimed at determining the T-
shaped competence proﬁles required for speciﬁc water spe-
cialisations (e.g. the relative importance of “broad” compe-
tence versus “in-depth” expertise) and the skill mixes re-
quired by water organisations is necessary, and could guide
improvements in masters level water curricula and the selec-
tion of IPE training by organisations.
Supplementary material related to this article is
available online at: http://www.hydrol-earth-syst-sci.net/
16/2379/2012/hess-16-2379-2012-supplement.pdf.
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